eISSN 2093-6338 cluding water, soil, and feces, and can cause respiratory, surgical, and urinary tract infections, as well as sepsis and other diseases in newborns [1] [2] [3] [4] . Moreover, this strain is commonly detected in nosocomial infections of the urinary tract, wounds, and blood [5] .
INTRODUCTION
Enterobacter cloacae is a gram-negative bacterium that can cause pathogenic infections in patients in the intensive care unit. 
DNA extraction
Single colonies of each E. cloacae strain were cultured in sterilized MacConkey agar medium at 37˚C for 18-20 hours, and DNA was extracted using a GeneAll Ribospin extraction kit (GeneAll Biotechnology, Daejeon, Korea) following the manufacturer's instructions. After storage at 20˚C, isolated genomic DNA was used as a DNA template for the ampli cation of ESBL and AmpC resistance genes and for repetitive element sequence-based polymerase chain reaction (REP-PCR) and multilocus sequence typing (MLST) analysis.
Detection of ESBL and AmpC by PCR
Using an ABI 3730XL system (Applied Biosystems, Foster City, [24] [25] [26] [27] [28] [29] . PCR was carried out in a nal volume of 25 μL containing 0.5 μL SP Taq (Cosmogenetech, Daejeon, Korea), 2.5 μL of 10× SP Taq buffer, 2.0 μL dNTPs, 5.0 μL Tuning Buffer, 1.0 μL DNA template, 1 μL of each forward and reverse primer (5 µmol), and 12 μL distilled water.
CA, USA), we detected the expression of CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, TEM, SHV, NDM, IMP, OXA, IMI, VIM, FOX, EBC, CIT, ACC, DHA, and MOX
ESBL was ampli ed under the following conditions: pre-denaturation at 95˚C for 5 minutes; 35 cycles of denaturation at 95˚C for 1 minute, annealing at 55˚C for 30 seconds, and extension at 72˚C for 1 minute; and a nal extension at 72˚C for 7 minutes. For AmpC, the PCR conditions were as follows: pre-denaturation at 94˚C for 3 minutes; 35 cycles of denaturation at 94˚C for 30 seconds, annealing at 64˚C for 30 seconds, and extension at 72˚C for 1 minute; and a nal extension at 72˚C for 7 minutes. The PCR products were veri ed by electrophoresis on 2% agarose gels containing ethidium bromide and then puri ed using a PCR puri cation kit (Cosmogenetech). From the puri ed DNA, CTX-M-1, CTX-M-2, and CCGTCACGCTGTTGTTAGG  693  26  R  GACGATTTTAGCCGCCGAC  CTXM-2  F  CGGTGCTTAAACAGAGCGAG  684  R  CCATGAATAAGCAGCTGATTGCCC  CTXM-8  F  ACGCTCAACACCGCGATC  695  R  CGTGGGTTCTCGGGGATAA  CTXM-9  F  GATTGACCGTATTGGGAGTTT  683  R  CGGCTGGGTAAAATAGGTCA  TEM-1  F  ATGAGTATTCAACATTTCCGT  997  27  R  TTACCAATGCTTAATCAGTGA  SHV-12  F  CCGGGTTATTCTTATTTGTCGCT  936  R  TAGCGTTGCCAGTGCTCG  NDM-1  F  GCCCAATATTATGCACCCGG  738  28  R  CTCATCACGATCATGCTGGC  IMP-1  F  AAGGCGTTTATGTTCATACTTCG  605  R  TTTAACCGCCTGCTCTAATGTAA  OXA-48  F  GATTATCGGAATGCCTGCGG [7] software (Table 1) .
REP-PCR and MLST analysis to examine epidemiological relationships
The epidemiological relationships of the strains were investigated by REP-PCR and MLST. For REP-PCR, the conditions were as follows: pre-denaturation at 94˚C for 15 minutes; 40 cycles of denaturation at 94˚C for 30 seconds, annealing at 60˚C for 1.5 minutes, and extension at 72˚C for 1.5 minutes; and a nal extension at 72˚C for 10 minutes. The PCR products were electrophoresed on 2% agarose gels with ethidium bromide and then compared by ngerprints with the naked eye; if at least three bands were different, they were categorized into different types. For MLST, the conditions were as follows: pre-denaturation at 95˚C for 5 minutes; 35
cycles of denaturation at 95˚C for 1 minute, annealing at 55˚C for 30 seconds, and extension at 72˚C for 1 minute; and a nal extension at 72˚C for 7 minutes, followed by electrophoresis on 2% agarose gels with ethidium bromide. DNA sequences were analyzed using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). Finally, the sequencing results of seven housekeeping genes were compared against the MLST database [8] , and the allele number and sequence types (STs) were determined ( Table 2) .
Statistical analysis
Chi-square or Fisher's exact tests were performed to determine resistance according to the occurrence of resistant genes. A P value of less than 0.05 was considered statistically signi cant. SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
RESULTS AND DISCUSSION
E. cloacae clones collected from two medical centers in the central region of Korea exhibited multidrug resistance because of the production of ESBL (N =19, 27.5%) and AmpC (N =20, 29.0%).
In general, the amounts of ESBL detected from urine and sputum specimens were higher than those reported by Park et al. [9] and Courdon et al. [10] , and more AmpC was generated than what was previously reported by Souna et al. [11] . The resistance rates were higher than the 27.6% for cefotaxime, 21.8% for ceftazidime, and The most common mechanism through which Enterobacteria acquires resistance involves the production of AmpC and ESBL.
Similar to E. coli, E. cloacae also obtains resistance through AmpC β-lactamase [12] , and resistance against third-generation cephalosporins is caused by ESBL [13] . In this study, EBC (MIR/ACT; N=18, 26.1%), SHV (N =12, 17.4%), and CTX-M (N =11, 15.9%) were produced, and the carbapenemases OXA (N =1, 1.5%), NDM (N =1, 1.5%), and DHA (N =1, 1.5%) were generated in some strains (Table 3). These results are similar to those of a report by Harada et al. [14] showing that levels of SHV and CTX-M had increased globally. The results of this study were also consistent with a report in 2007 showing that the amounts produced were highest for CTX-M in the intestinal bacteria E. coli and for SHV-12 in K. pneumoniae found in Daejeon city [15] . There were no correlations among the occurrence of genes, resistance due to mismatch, and occurrence of resistance (P = 0.653, 0.759, and 0.419, respectively [20] , this gene has not been reported in Korea until now.
Moreover, the carbapenemase gene NDM was found in four cases in Korea in 2011 [21] , and OXA was found among intestinal bacteria in Korea [22] ; thus, resistance genes in plasmids were thought to have been transferred horizontally from bacteria such as E. coli and K. pneumoniae. The DHA and EBC (MIR/ACT) genes, which have been shown to cause inductive resistance to AmpR [23, 24] , were also shown to cause inductive resistance in this study, although there were no epidemiological relationships among strains, as types and clone classes were different (Fig. 1, Table 3 ).
As previously reported by Girlich et al. [25] , ST114, which was frequently identi ed, was highly correlated with EBC (MIR/ACT) AmpC, along with ST53 and ST41. There were also correlations between ST175 and CTXM-9, ST175 and SHV ESBL, and ST477
and SHV ESBL. However, as no resistance genes were detected, a correlation was not identi ed for ST78. cloacae 69주를 수집하였다. 
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